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Synopsis
Three fluorescent dinucleoside phosphates containing l 8 N 6 - ethenoadenosine (sA), sA sA, cA cC, and cA U were studied using p p p fluorescence detected circular dichroism (FDCD), circular dichroism (CD) and absorption measurements. The FDCD data indicate that sA cC and cA U can be described as two state p p systems consisting of a fluorescent spec and a stacked, nonfluorescent species. Thermodynamic stacking parameters are calculated for these molecules using the van't Hoff equation.
cA cA is found to be a more complicated system with a fluorescent p CD which is dif ent in shape, but comparable in magnitude,
to the conventional CD of the dimer. This molecule, unlike the other two dinucleoside phosphates, cannot be characterized as a two state system; it is described as consisting of at least three states at temperatures above 35°C.
The CD data were subjected to a linear analysis in order to determine the minimum number of states present.
In agreement with the FDCD data, cA cC and cA U are found to consist of a 
INTHODUC'JliON
Since the dinucleoside phosphates represent the smallest possible polynucleotides, the solution conformations and thermodynamic properties have been extensively examined 1 using such techniques as NMR, 2~6 absorption, CD and optical rotatory dispersion (ORD).
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The ORD of these dimers can be used to predict the ORD of polynucleotides and single stranded RNA; 1 ' 11 ' 12 therefore ·been much concern, however, about the validity of applying a two-state hypothesis to these types of systems. Davis 9 has has shown that absorbance and ORD data yield different thermodynamic values for A A. Glaubiger et al. 13 showed that the ORD data for In this paper we study £:A-containing dinucleoside phosphates using the luminescence~·related technique of fluorescence detected circular dichroism (FDCD) .
18~23
In this method, the sample is excited with circularly pol zed light of varying wavelength, and the total emitted light is detected for the two senses of polarization of the exciting light. Thus, the technique can be used to obtain the CD of a fluorescent chromophore in the particular molecular environment of the system under study. 16 and purified two to three times using paper chromatography. The eluent used was a 75% ethanol, 1M ammonium acetate solution. All buffer salts were of reagent grade and all solutions were made up using double-distilled water. After purif ation, solutions of the dimers were prepared in buffers consisting of 0.01 M sodium cacodylate, 0.01 M sodium chloride 1 pH 7.0. Alpha napthylamine was purchased from Sigma and recrystallized from an ethanol-water mixture until white needles were obtained. The compound slowly turns red upon exposure to ri was therefore stored in a vacuum desiccator at 4°C.
solutions of alpha napthylamine were prepared in the above cacodylate buffer. It should be noted that alpha napthylamine is on the OSHA list of regulated carcinogens that have requ ments for special handling in laboratories; appropriate pre~ cautions must be taken.
All absorption spectra were measured using a Cary 14 spectraphotometer. The CD and FDCD experiments were performed using the modified Cary 6001 spectrometer described previously.
tube with a 1-1/8" diameter photocathode was employed in making CD measurements 5 while FDCD spectra were recorded using a Hamamatsu R375 2" end~window photomultipl The CD spectrometer was calibrated using a +~lO~camphorsulfonic acid solution whose ellipticity was checked in the spectrometers of two labora~ tories in addition to our O'im. A 1 mg/nl solution .in a 1 em cell was assumed to have an ellipticity of 0.312 at:\ . The Pockel's cell orien---max tation was also carefully adjusted in order to avoid absorption artifacts.· All data were digitally recorded by an on~line computer, 26 and the output was subsequently smoothed and processed. The FDCD spectra were scanned 5 to 9 times 5 depending upon temperature, and the signals averaged in order to increase the accuracy of the measurements.
At the end of a series of scans, those solutions whose spectra were measured at higher temperatures were also scanned at room temperature in order to check for sample decomposition. A new solution was run for each temperature above 50°. sApsC measurements were made using a rectangular fluorescence cuvette having a 1 em pathlength 9 while the spectra of the other two molecules were measured in a 3 mm pathlength cell having 1 em width. SoluJcion concentrations were adjusted so that the highest optical density over the wavelength scanned was less than one. This procedure was followed in order to insure that the photomultiplier was detecting emission equally from all parts of the sample cell. Extinction coefficients used for the dinucleoside phosphates were obtained from the paper by Tolman et a1. 16 The concentrations employed If the extinction coefficients of the fluorescent spec s were known 1 one could obtain the CD of these species from the fluorescent anisotropy. For purposes of compa son, the assumption is made that the extinction coefficient of the fluorescent conformations equals that of the EA monomer, as neither U nor sC are fluorescent under our conditions. For reasons which will be Aapparent later, this is probably not too bad an approximation for sA sC and sA u, while for sA sA it can introduce an error of, In Figure 4b , ~sF is seen to be greater than ~s at 240 nm. This suggests the conclusion, arrived at above, that the stacked state of sA U is in equilibrium with a p fluorescent state which is not fully unstacked. 
The van 1 t Hoff method was also applied to)
.
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L ~A'--~A. In this case, as can be seen in p Since one can assume a two state model below 35°, the lower temperature CD data can be used in a method I type of calculation to obtain the stacking parameters between the stacked and fluorescent states. In this case the CD of the "unstacked" state is not taken from the monomer CD but from the ~sF curve displayed in Figure 5 . The results of this analysis are listed in Table I . Unlike the previous method I analysis, the ~H of stacking has now been reduced to about the same value as the ~H's of sA U and sA cC. The magnitude of ~sF in Figure 5 be noted that such an assumption does not mean that the data cannot be explained by a model consisting of more than three states. We are merely stating that a three state hypothesis is the·simplest consistent with the FDCD results.
Linear Analysis of CD Data
A linear analysis of the CD data was done in order to determine how many linearly independent basis curves were necessary to recreate a set of CD spectra measured at different temperatures. The assumption is made that the CD of any particular dinucleoside phosphate conformation does not change with temperature so that the number of basis curves found can be identified with the number of distinguishable conformations in the system.
The method used for the above analysis was that of Lloyd. 29 This method uses a least squares minimization to cons from the experimental spectra the minimum set of basis curves neces~ to fit all of the observed data. The technique is superior to the similar method of matrix rank analysis, 30 v 31 in that the latter procedure requires the choice of certain reference spectra. Th is adequate for curves having large magnitudes, but when components are present whose signal is only an order of magnitude larger than the experimental error, matrix rank analysis ceases to be sati tory. The present method of analysis gives equal weight to all the experimental spectra and, therefore, is a more sensitive technique.
The Lloyd method, as described above, was applied to all the CD data measured for each of the three dinucleoside phosphates studied in this work. The minimum number of basis curves necessary to reproduce the spectra, within experimental error, was determined by calculating the ance as each new basis curve was added, and applying a statistical F test to the results.
Since only one average variance for an entire spectrum was obtained, the spectra were divided up into sections of equal noise in order to make the F test meaningful. The results indicated that the sA U and sA sC data could be adequately described 
